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v Cis-acting repression sequences which are able to provide 
a as-actmg inhibitory effect on the expression of a gene when 
placed downstream of the gene in its untranslated message are 
dislcosed. Cis-acting anti-repression sequences which can 
relieve the cjs-acting repression in the presence of the art gene 
product are also disclosed. These sequences correspond I to a 
sufficient number of nucleotides from the HIV-I, HIV-2 STLV-3 
or HTLV-iV genomes to provide the repression or anti-repress- 
con^f m 6 USe ° f the se « uences * actors and systems to 
descried eXpreSS '° n ° f a desired 9 ene ^duot is also 
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Le P qU enoe( S ) to centre, the W^^S! P rodUOt l ° ^ ™ 

Te human immunodeficiency virus (HIV-I. also » related disorders [Barre-Sinoussi, 

etiZical agen^of the acquired immune deficiency syndrome ^and^ ^ ^ ^ . 
et al. Science 200, 868-871 (1983); Gallo e ^M^TW-SM (1984); Sarngadharan et aL Jounce 
SciencT^84r>842 (1984); Popovic et al., ^ence ^ g81)] -r^ disease is characterized by a 

l^ul-508 (1984); Siegal et al., !LSBL^^^^ of ,' ne immune system and the cental 
^asymptomatic period followed by P""^ * s highly regulated, and both laten and lyt.c 

So 8^ (1988)]. The expression ^ *^EJ2! ta ' studies of the replication and 

on M985) ■ Sanchez-Pescador et al.. Science 227.484-4*,; u» i . common to ail retroviruses. 

The trans-activator (tat,,,) gene encodes a I4wa pro Applicat ion Serial Number 806 263 fiiea 

We have also discovered that the artge ne is nece ssay sodroski et al, Nature HL- 41 "' ' 

possible to use the tat™ gene product to P£*£» *| resu|t ,„ )ysis of the cell. Consequently, the cell wll 
SK a^edTa^e amours of « down heterologous protein and prevent the 

accuSoTo^ 

QMmmary of the Invention 
„' ered certain DNA sequences that will supress the expression o, hetero.ogous genes 

Jfmr^gu^ 

The DNA sequences that can suppress the expression u 
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-fer^ •« ^ the presence of the art protein wii, 

(CAR) sequences* Many o thes ^4^^^^,'" '° * S ^ aC,in 9 ^-repression 

art regulatory region envelope (ARE) SeqUen0es forrn part of a DNA segment that is referred to as the 

derived , rom nucleotide sequences substantially 
a sufficient number of nu^SSU^K^S toT^MES* *" ARE r69i ° n c °" esp °"<* *° 
and be responsive to the anti-cis-acting Tregutetorv Dranert of th C ~ ^ 9 r6p ' essi0n regulatory properties 
corresponding to the ARE region T is p?efe?red P ^ ~ 96,18 Pr ° dUCt The USe ° f a sec " Jence 

CRSi corresponds to a sufficient number of nucleotides from R17R K70K «,« un, . 
cis-acting repression properties CRS, rorrl^H t i 6376-6725 of the HIV-I genome to provide 
pTovide cis-acting repression proSS ^^ 0^1^^ * nuc, *° tides frorn 7283-7325 to 

region 5893-6538 to provide Star^ln to a suffic.ent number of nucleotides from the 

nucleotides from th/re^ SSS&SES ^T^! * ^ ~ * 

SiST. SK^SS the re^l^t. to counteract the 
corresponds to a portion J fCM, H « *72K XTaJ&EZST — . ^ produot - The re 9 ion CA «= 
repression by-the CRS sequences P ° f the 22 9ene pr0duct wi " relieve the 

se^rS?;^ 

ex^onl U ^e^nS "* * ,he Unt « d <* * gene whose 

includes 8 SeqUenCeS be US6d " 00ntr0 " in9 the praductto " ° f a desired gene product. This method 

upitrrs-^ 

art gene product; and — 9 ant| - re P r ession sequence responsive to 

ofL b rlgene P prodtno n ac^ 
seq^enceand permit expre^ 

Brief Description of the Figures 

Figure 2B shows nucleotide sequences required for CAR 2 activity 
Figure 3A is an illustration of the structure of the hybrid HIV/CAT constructs 
conSf ' S " il,UStrati ° n °' the " L ^ ^^growth hormone (hGH)/HIV) 

vaS^^^^ 

sequences* pia^d^pUIAR rePreS8ntati ° n the rela «- p °*«<°n of deletions within the H.V-I 

JEST ^^^ r ^°^^!lT^T^^1TZ r n ,he 

polyadenylation sequence derived from the early regton of SV40 °° n,alnS a " SV4 ° 

FiguJe V is° TTl^ thS "IT" mU,antS in the presence ° r absence <* the art gene product 
5332-7760 representat, ° n ° f 5' deletions made within HIV-I nucleotide sequences 

Figure 9 is an illustration of enhancer test plasmids 
«£g« ^SS^ ShOWin9 ° f hybrid plaSmidS that the gag and 

20kD SS Product and the CAR region of a gene 

Rnnr! « ! ,,ustr * tes a Populated mechanism for the art/cis regulatory control 
Figure 13 is a schematic illustration of the HIV-I genonle ~~ 
Figure 14 shows CRS, CAR and ARE regions in the HIV-i genome and mRNA 
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Detailed Description of the Invention 
The non-struck genes are synthesized ^«~^J>«2» SSl&E ^MSS J* 

the gag. env, tat and art mRNAs are depicted by solid lines. ^ fina | tranS cript. 

cDN^doiesTThe bToken lines represent intron "J^^^S flat" slage of infection as some 
Art gene mutants show a ^.^J^^Sm^ P^s defective for this gene. Neither 
virafRNA can be made upon transfection of hcelto transfected with the mutant proviruses 
the capsid not the envelope gene proteins can B ^.*2SSS^a fancBocal tat gene product is made by art 
[SodroskietaUNaHe^suj^;^ the art gene acts as a 

defective proviruses [Sodrosk, et a .. Njg™ £1; ^\^o the viral proteins ere synthesized from 
post-transcriptional regulator of the v,r,on structural 1} [Se P e also Knight et al.. Science 

mRNAs derived from splicing of the same primary transcript (i-igure , i 

236:837-840 (1987)]. tha , can be use d to suppress the expression of 

-We have now discovered specific DNA ^"f^^^Ed downstrearr icf the gene whose gene 
heterologous genes. These repress.on •e*^'^ product thes^ are cis-acting sequences. Those 
product is to be regulated because unlike the ta> gene < — ols _ acting repr ession (or 

sequences that have an inhibUory effect on sequenced the 3< portion of the 

regulatory) sequences (CHS). These seque nces ge ^'V o^espond q , ^ ^ ^ 

25 HIV-l, HIV-ll, human T-lymphotrop.c virus W™W*J 0 ™° e to tne respective art gene product and in the 
genomes. There are also discrete sequences that are ^P°" s '^ n ° e , ,^. t tne rep reIiion by the CRS and are 
presence of a sufficient amount of such art -^^^^^coS^ CSR sequences, CAR 
referred to herein as cis-acting '"^^^^^b present disclosure by using techniques 
sequences and a desired gene can be 'J^ ^ P gen ome. In one preferred embodiment 

Preferably, the CRS and CAR sequences 

However, nucleotide sequences ^^'"(qS et al., Nature 326: 662-669 (1987)], in 
tat and art regulatory sequences and shov. |ans-act ^[°2So%on «. v ' ir ^efirlbly correspond to a 
^ditiorTTo its structural genes. The CRS and CAR regions oasea up ovide a C | s -acting inhibitory 

sufficient number of nucleotides from the ^^.^Tof the giS -«J tar the CAR 

(regulatory) effect on an upstream gene when ,t I . .r [**^™* e °™%° dilcX . STLV-3 and HTLV-IV also 
^egion(s) to counteract this inhibitory effect 

have tat and art regulatory sequences which appear to b i structu , y • sequen ces based upon these 

as structural genes [Hirsch. V.. et al nucleotides from the env region for the CRS to provide 

particular virus the CAR sequence is derived from. preferably, the vector also contains 

P The vector is used to transfect a eel by tech ".que* well known m the '^^^ of the desire d gene 
the corresponding viral LTR. The transfected eel I w mRMAftr m ^ P ed embodimerrt 

P rhe"rt gene product can be added byavarle^of^ 

the celT^an be co-transtected with a vector "^^S&ffif^ added directly to the cell at the 
Se^^^ 

Q, ,n r p TeS f Sod the art gene is already present in an art eel, line and is under the contro, of the 
*%Z£^'^*£^ - exempla-y. although i, should be understood that the statements 
are generally applicable to the other viral f 
the ^resa^= 

^inserted downstream of the gene in ^^^^^ 6376*725; 

Ibl^c^ 
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!?» S2f 3 corres P° nds t0 a sufficient number of nucleotides from region 5893-6538' and 
n»c ' Alfo corres P° nds to a sufficient number of nucleotides from region 8204-8597* 

express Z^a^^^^u^T?^ 91 ° n Pr0tein e *P ressi ° n - order to be able to 

^ad 9 CAR se Q uen ce as well as a CSR sequence 

CAR sequences correspond to sufficient nucleotides from the HIV-I HIV-2 STL V 3 anri hti \/ 1\/ , fl n n m. e 
5 "°"'* ""W*" to-"" « «bo» HUH CSR's M Ml in g» w^fc „„., 

(i e 6376 77eo a nf h^T"* containin 9 a suffici ent number of nucleotides corresponding to the ARE region 
of J nf„'I f£.H . . • 9e 1° me) 10 prOVide a £if " ac «ng repression effect on a desired gene in ^he absence 
Z&£* Product wherein this cis-acting regulatory effect is counteracted in the presence he art gene 
product is used. This segment is placed downstream in the untranslated messace of the lenPJIZ 

donor SS a nH " '° ? C ° ntr °" ed - ThiS Segment ™™<>™*s to sequences entirefy Seen the rna^or soHce 
donor and- acceptor sequences within the env gene. It is expected that ARE regions aTe tocated in 
corresponding portions of the HIV-2, STLV-3"Ir7d HTLV-IV genome 

second element (CAR i) is located between nucleotides 6969 and 7163 as t^OmSS^^:^ 

Z^sVvi^ZT wherea t s .P |a f mid «* oontains'the sam'et' pfov M seances 

nucleotides 6376 to 6969 that are present >n plasmid pAR-3SV was not art responsive 
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6 AG-POLreg,on. Messenger ^Asfo'the^ 

contain CRS and CAR sequences wh.ch P™f^"™£°l™™™ d independently of art. In order for the 
&^J32»^&^^^*« ™ St " PreSeHrWithin ^ Sam6 

Preferably, the gene product is under the contr ol of *e HIV, ^^-^SS^tS^. 
is ultimately carried out. if the tat™ gene £^^ P «Sb. replaced with heterologous promoter 
However, these LTRs's can be replaced, for _exarnple the :5 J-™^ P n ^ ation signal . ,„ one preferred 
elements and the 3< LTR ^"J^htTv Tor H ^is used Such LTR^can also be activated in trans by tat i or 

SS'SS^*^ SMJS exampie. an HIV- LTR 

-One could use an expression vector of the type ^^^^SSlon sequences and fused to 
sequence, downstream of the sequence ,s the ^red gene not contain a functional 
the gene in its untranslated message are and CAR Preferably, the vector would not 

art gene un.ess the art gene Efficient nucleotides corresponding 

contain the art gene Jn a preferred embod mentme^vectorwouiQ functional tata gene 

to the ARE-equence. Preferably, »*^«>*%*f£ ^nstruf ed 9 by one of ordinary skill in the art. 
product are ateo present. Such a vector can ^vector used does not contain the tat,,, 

Thereafter, the vector would be used to transfect a « H JJ ™ v d , Sucn cont acting can be 

sequence, then the cell would preferably also be f"?^^^^^, tat,,, cell line such as those 
accomplished by a variety of methods. For ^example Jhe vector c °^^ e ^ e \r^ sfecte6 cell could be 

^If^^^ 
^ru^cTe^^ 

to a sufficient amount of the art product vectors containill g functional 

and CAR regions corresponding to these vir ^9er.omes are "sed. s For example, one 

The exposure of the CAR to the art gene product can desired preselected time, 

could add the art gene product direct* to the «»^^^ r ^ ^ ...^on. uritlad-lrwJ 
Alternatively, the art gene may be under use of an art cell or it can be on the 

with an art ceil line. See U.S. Patent APP^o" Seria^ Num^ £ ^ c ^ R 5 epresses the inhibitory effect of the 
Upon e7posure to a sufficient amount of ^^^r^^^™!^ of mRNA have already been 
CRS and the desired protein would ^J^^^^^J^^ in a short period of time. Very 
built up one can obtain expression ^J^J^^^MoSl under the direction of an HIV-I LTR 
high levels of protein production ^^^^S^^^ with the expression of heterologous 
in the presence of the tat,, gene P^^^^££pr^ can be minimized. Further, by using 

= ^ «h«— — " 

^gTnof rhfng d .o ,e bound by - ^ 

sequences within the envelope gene ^^"fJ^Z^^^emsas both of the mRNAs 
within the ARE region could suppress *e expression of b o " tne «LS ex ^ ssion of the gag and eny genes 
from which these proteins are synthesized CA*« D resence of the art product. Wi believe similar 
could be relieved by CAR, and CAR2 sequences ^^T^^^ ttm gag and pol genes. It is 
regulatory sequences exist within other H V coding ^^^S^^M heterologous gene 

^n here, the phenotype of the ^^^%^^SS^ 

increase on heterologous gene expression » ^"^^SS^uWorT^u^ >- "°t without 
plasmids that lack the HIV-I CRS. The ; exis tanc o1 ^J^ s ^^ us1u ^ on as enhancer elements 
decedent. For example <£*%gg?^ C that the CAR S ^ UenCeS d ° 

of H*-- . u * k *ho a rt are svstem permits differential utilization of messages for 

reg T uTa,^ 
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to inhibit gene expression in cis. In the absence of the CAR sequences, the inhibitory effects of (he CRS 

ok!. L ° mRNAs ° r may destabi »ze the mRNAs. The existence of sequences that decrease the half II e of 
mRNA has recently been reported [Karrien et al.. Cell 46:659-667 (1986) ^ Tnt'oductton T^lTnMite 
AT-nch sequence derived from a 3' non-coding regiol7fro7n a human lymphoklhe dehe GMCSF ZotheV 
untranslated region o the rabbit betaglobln gene significantly shortens the half L o?me KoblrTmr?NA 
[Kamen e al supra). It ,s passible that the sequences within the CRS region described Herein Sr a siEfer 
activity. Placng a CAR sequence into the 3' untranslated region along With a cis-actlno r Jnl^! =Lnnin!f 

presence of art proton. The existence of intragenic transcriptional termination iiquences has ateo been 
reported [Johnson et al, Mol. Cell. Biol. 6:4008-4016 (1986)]. However, we do not^ZiX^VtZ 

*M? ZTs£^T ti0nal - terminat ° r 38 thS ^ product ,s made fr ° m a s ^ tenser I derivld lorn 
a full leng h species of the prov.ruses, and the expression of tat is not dependent on art 

esSh^hm , e f Pre n'°, n ° f t V h iri ° n S,rUC,Ura ' and regulator y 9 iheS ™ y pV * implant role in the 
establ shment of viral latency the permitting expression of regulatory genes in the absence of the expression 

s ruct^T UCtS S , UCh h , S — ? at af t ' e,hal 10 T4 + ^"ocytes. Differential expression of reguSory anS 
struc ural genes may also play a role ,n the lytic cycle, by permitting the accumulation of gene products such 
as tat,,, to accumulate pnor to the synthesis of the gag and env gene products products such 

These sequences also permit research into a method whereby the CAR sequence can be inactivated Such 
Z fj^JT? eXpress '° n of the »*«*«' 9°"° P'°duct ahd maintain the virus in a "period 
,k n ,f inventlon can also ba used t° create a live attenuated vaccine. By using a provlrus in which all 
the CAR regions are removed, but not the CRS, the virus can produce the regulatory pro°eTs ; bu nofthe 

~ ZT^T^* * °"~ "* *— ' ^ " * ^ * O^^SS 

underTn^^^^^ 
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Examples 

Cell Lines 



.n£££r5? ~1 9 ' n iTM! medium su PPl a ™"t ad with 104b fetal bovine serum. Hela tat,„ 
and CHO tat,,, cells were grown in Dulbecco modified Eagles' medium (DME) supplemented with 10% fetal 
bovme serum. Stable expresison of the tat,,, gene was achieved by infection of Jurkat HeU a^d CHO ee ls 
wrth a defective amphotropic retroviral tat,,, expression vector by the method taught in U S plient AoDlicatfon 
Serial Number 806,263 [See also Rosen et al., Nature 319 :555-559 (1986)]. The S vector^used for 
establishment of these cells lines do not contain an intact art gene and as such are incapabTe oTa^ expression 
Stabte express.on of tat,,, in the Jurkat tat», and CHO tat„, clii lines used here was achieved b ^^fcSth an 
amphotropic retroviral tat,,, cDNA expression vectorising standard techniques. This Sector was coTstTucteS 
by inserting the tet,« cDNA fragment [Arya et al., supra) into the Bam HI site P Sd7aPNEOsXn 
[Cepko etal. Cell 37:1053-1062 (1984)]. The pre S -iSc¥of a functional tat product InThesrceOnes was 
confirmed by demonstration of increased levels of HIV-I LTR directed CAT gene expression relative to mat 
obtained ,n the tat minus ce.l lines. The tat,,, cDNA expression vector used tacks the^cond exon of he art 



gene. 

Plasmid Constructions 
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All DNA manipulations were essentially performed as described by Maniatis et al (1983) A brief descriotion 

RNA a fni P S ,d :T st A M ct D : s 0 ir be,ow - ™ e nuc,eotide positions ars ™™£TxX?$z 

3^262 265(1985") P seauences were a**™* from plasmid HXBc2 [Fisher et al., Nature so 

(i) pH3-art The art coding region was obtained from a cDNA clone [Arya et al. supra] bv limited 
dgest.on wrth Bal 31 exonuclease [Legarski et al., Nucleic Acids Res. 5.^1460 T^t! 1 folto^na 
ScnTn™ \ T Jo 9 " 16 "' C o° n,ainin9 ,he 5£ ! °°ding region wa s-cStnio a SpK^ 
SSrTT a^TI " nker (Pronle 9 a Bl0tec ") Present between HIV-I LTR nucleotides -167 to +81 and 

ZZZ ^fuZ'i™ < 5T? fr ° m K ,he B9 ' "• ECORI fragment ° f plasmid P SV2 -P [MuMigan et aU 
lEs£J=T'£Zli ' Z )l — 18 ShOWn Figure 4A - ^ boundaries of the art gene were 
nnrt,^ d Up0 " obsefVati ° n tha * mutations located both 5' to the env gene Ind within a 3' 

g enTconsis^^ o ne . 9 H e * ^ P ^ Pe ^ rSSpeCt to SSS a " d env g^eVession. T^e art 
aZn at ° t ^ C °» l^,9 eXOnS Whlch partly overla P the fiFirand ^ond exons of tat,, m "aTf 
alternative reading frame. Beginning with a methionine codon at position 5550 the first exor^ i ex^ndsto a 

inTZe S o D rn? e Tdin„ S f te * ""I* 0 ™* 5625 a " d ,he SpHoe ac " e P to ^ * ™«°°™*7™e ^TJ™ 
HwTal SC^S ?k 9 i ! ndlnS W " h 3 St0P ° 0d0n at nuclB °« da S277. In this experiment cDNA from 

the tat,,, and art coding sequences was treated with Bal 31 exonuclease to remove the tat„, ATG codon 
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present 5' to the predicted art initiator ^^^^^S^^^S^ 
and lacking the tain ATG codon was subcloned into j » promoter, and TAR sequences 

vector co^ainsTportion of the H1V-. LTR nriu* ^ e *S^ virus. Shown at the 

(sequences responsive to ^J^P^^^ff^Sl art gene expression, transient 
bottom are the sequences P rese £" P^ ur £, a ° e , £ ,hat constitutively-ixpress the tat™ product but 
expression experiments were performed in Jur tatceus tra . coi n y R(jsen e , a| 

are unable to synthesize the art gene product [U.S. ^J*™ ™ ability to complement gag and 
Nature 319, supra]. The activity of pH3-art was ^^^^^Bc^lSodroslTet al.. 
inTiinTixpression following co-transfect.cn ^^H^-Bfs w O o-transfected with 
Nature 321:412-417 (1986)]. See Figure 4B In gment [U.S. Patent Application Serial 
pESSfpE)(S486 venv that expresses art from **E^y^£S^O^ indicated, gag and env 
No. 865,151]. Forty-eight hours 1t I^^^^^^S^ antiserum. ThTvirion env 
gene proteins were immunoprecipitated from cell lysates using aiuo p 

(gp160) and capsid(p55) proteins are shown fragment containing 

(ii) HIV-I and HTLV-I LTR/CAT/HIV Hybrid Constructs. See^gureSA. A W ^9 a 2 :1044-1051 
a Bg II restriction site (a gift from D. <^^^^^^^^SbW^ with DNA 
(198Z)] following the step cod °" h a "^ „ P ^d!^ate^o s^ntSc Saf Mntert . After oteavage with Hind III 
polymerase I following cleavage with Bg II and 1 gated to sv™"' , A-CAT gene fragment 

and Sal 1, the poly A-CAT gene fragment was cloned Mntc ^the '^^^SJaoo poly«nker that was 
was cloned into the Hind Ill-Sal I site of _ar . 8pB4 (Fro™ pl „, contains an H.V-. LTR 5' 
present 3' to HIV-I LTR sequences -167 to +8 | 1 =n ^fVo incoroorate HIV-I sequences 3' to the CAT gene, 
To a CAT gene that .acks P°^ff°" s ^^ s °^?X^ cloned into the Sal l-Xba I sites 
a sal l-Xba I fragment encompassing HIV-I nucleotide s J£f ™ , ent was obta j ne d from a 

present 3' to the CAT gene present in plasmid , *^™d**e seGOnd coding exon of art and a 
clone that contained a frameshrft mutation at the toiHWni Deletjon Qf 

deletion of the 5' end of the first coding «^ «* « tS° d ^pHsh^d^dig^tioinrsing standard 
intragenic surfaces from plllAR to generate PIHAAR was ^g£^^ d "p,,^ p,, Pl AR. and 
techniques with Kpnl followed by ^^^"^E^^fpillAR and p.HAAR except for 

rX™?^ *» » + ~» ^ 

Fig^Tafch^ 

construct. The 5' end of the CAT gene is flanked by either HTLV 'I or Hiv l. q box) ^ 

fndicated HIV-I sequences and poly A se ? ue " c °^ 

contains a stop codon but lacks po yadenylation sequence s_Polyad eny*» g ^ 1; ^ ^ ^ 

et >\^JS^J^^S^SL the H.V-, provira, sequences 
(iii) Deletion series of the HIV insert in plasmid pill AR. Interna oaeu exonuclease (Legarski et 

present within plasmid plllAR were made "^"9 either l.mrted d, 9^''°" ^" were determ ined by DNA 
al., supra) or available restriction enzyme s,t ^ ^' erm '™ A ° s e fuSA) 74:560-564 (1977). The 5' and 3' 
sequel analysis as described by Maxam and Gilbert f^y^ _ in Fl ure 3A is given below, 
border respectively, of the deleted prov.ral sequences in the plas ■ ^ deletes nucleotides 
pAR-t deletes nucleotides 5432 to 5893 pAR- [^J^^^^^XoB^-.pAMM^ 
6583to 7163; pAR-4 deletes nucleotides 6376 to 7683 ' P A " ^ d e letts^uc j^Mb pAR . 1sv> 

nucleotides 7761 to 8235: pAR-7 deletes ™*3^J^J2,^^S at HIV-I nucleotide 8561. Each 
OAR-2SV and pAR-3SV (Figure 6B) contain SV40 P^ 6 ^™ 0 " "gg Addit j 0 nal deletions encompass 
plasmid contains an internal deletion of HIV-I nud eotde j71« ^ 3 ^" plMnlkl pAR -3SV. Plasmid 
nucleotides 7236 to 6536. plasmid pAR-2SV. or i nudwMM s «» present in pAR-1SV. 

restriction enzyme sites are the i same , as ^^f^f^e Xsmi'd pA-6376 contains HIV-I nucleotides 6376 to 
(iv) 5' deletions series of HIV-I insert in pA-637a Plasmio P™* sequences. The constructs 

7761 present between HIV-I LTR CAT 'f^^^^^X^ following cleavage with 
shown in Figure 8A were generated by treating %^ 6 ™^%°*° ent were filled out with T4 DNA 
Sal 1 (nucleotide 6376). The «^P^" , ^^ , ^t2wS« with Cla I and Xho I. an intact 
polymerase and ligated to synthetic Cla i I hnkera j™^^^ 8 ,,^,^. jh. ff border of e«* 
LTR - CAT gene was recloned into each deletion P' a ^' d ^ y ^ eacn lasrnid „ indicative of the 5' most 
construct was confirmed by DNA ^sequenc '«T^^™«^n of these constructs. The 3< 
HIV-I nucleotide present in each. Figure 8 « « 8 * Bm ?25 ! S e,r uences (solid box). CAT gene sequences 
border of each clone lies at HIV-I '^^^^^S^^ signals (speckled box) are 
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obtained fromanhGH odT^T 63 P ', aSmidS - ^ hUman 9 r0Wth hol ™ ne < hGH > B-n- was 

sequences present on plasmid pillAR to yield plllGH-AR Plasmic D mr ^ i J . ♦ • i w I 

scr nces 3< to ,he hGH fragLnt ^^p^s^rs^s 

(vi) Enhancer test plasmids. HIV-I nucleotides 6970 to 8440 (dC-55/hi 147m a «n c QO o + 0j(Jj „ 
82-6502-fi c ;nfi HQflqn tk= uti\/ i i™ sequences -oo to +j^5 [Rosen et a„ P.N.AS 

fragment of piasrnid HXBc2 (r^^^^ Stg^ ^m 0 ^!^ » 3 .'" 

DNA Transfections, CAT and hGH Assays 

Immunoprecipitations 

poiyacryiamide ge, -.^W-JIIIIM^SS^^ ^ 

Regulation of Heterologous Ge n e Expression bv the Art Gene Pro duct 

(C^gen^d^^ transferase 
non-coding portion of the CAT aene : transcr in t Th» IvL sec l uences ar e incorporated within the 

mutan, that ^^T^^"^SSS^ the 3' codfnn ^55^™**? ^ T S*- defective 
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10 



15 



was analyzed ,n co-transfection experiments (F J^^^SS!^ « SWESJp 
d^ecTable%oUowing co-trans^ ^ pIasmid P Ex5496 env 

mutation In the art gene. However Application Serial No. 656,151; Sodrosk. at al 

previously shownTo express the art JJ^««* rt env gene proteins (Figure 4B). These 
Nature » Sffl-J. or pH3-art ™^J£^^ 8 ^^oV«l artFene product. This plasm.d does not 
i^plrirnirrts demonstrate that P"»n*PHH3 tfraJ gene proteiiTproducts. 
express the tat gene ^"^d H S^ 

s ^k.s^<^^ as discussed M 

P0 ^r.e«ession of the CAT gene was detected in * ceils transtected with plasmid pU»H (Tabie 1 . 
Figure 5). 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



10 



0 293 181 

Table 1 

Expression of hybrid HIV/CAT gene conscructs in the presence and 
absence of the art: protein 

CAT Activirv 3 - 

Cell Line 

HeLa-tac-ril Jurkat- tat-III CHO-tat-III 

Experi- Plasmid pH3-art b - + ()C _ + ✓ vC + e \c 

ment _ ' " + C ) 

2.91 (0.9) 1.93 1.86 (1.0) 1.86 2.21 (1 0) 

3-90 (30) 0.02 0.53 (26) 0.30 1.46 (49) 

1-72 (1.0) 1.41 1.36 (1.0) 

<.01 <.01 <.01 

5.6 (0.9) 5,06 1.78 (0.4) 

1.26 (32) 0.06 0.77 (13) 

4.66 (1.1) 2.53 1.20 (0.5) 

<-01 <.01 <.01 

2.40 (0.8) 1.20 1.14 (0."9) 6.60 5.50 (0 8) 

2.40 (24) 0.04 1.36 (34) 0.23 5.80 (25!) 

0.36 (12) <.01 0.40 

2.63 (16) 0.03 0.80 (27) 

3.21 (2.7) 0.24 2.21 (9.2) 
0.15 (1.2) 0.27 0.24 (0.9) 
2.20 (1.3) 0.41 0.46 '(1,1) 

2.22 (19) 0.05 1.93 (39) 

4.64 (2.5) 0.83 4.30 (5.2) 

1.50 (30) 0.06 0.54 (9.0) 0.41 6.71 (16) 

1.80 (23) 0.13 1.43 (11) 0.26 5 72 (22) 

2.30 (7.2) 0.52 3.51 (6.7) 1.10 8.12 (7.4) 

(0 * 9) 1-36 1.53 (0.8) 

l ' 6Q < 23 > 0.05 1.40 (28) 

1 * 26 C 2 - 1 ) 0.53 0.86 (1.6) 

°' U6 (15) 0.03 0.36 (12) 

3 - 40 < 4 - 8 > 0.31 1.86 (6.0) 

3 - 70 < 5 * 4 ) 0.34 1.76 (5.2 



pU3R-III 




pIUAR 


Oil 


pIIIAAR 


1.67 


pill 


<.01 




C /.l 
O .^L 


■nTAJ? 


0. 04 


plAAR 


4.06 


pi 


<.01 


PU3RIII 


3.06 


pIIlAR 


0.10 


pAR-1 


0.03 


pAR-2 


0.16 


pAR-3 


1.20 


pAR-4 


0.12 


pAR-5 


1.70 


pAR-6 


0.12 


pAR-7 


1.84 


pAR-lSV 


0.05 


pAR-2SV 


0.08 


pAR-3SV 


0.32 


pU3R-III 


2.66 


pIIlAR 


0.08 


pIIIARSV 


0.59 


pA-6376 


0.03 


pA-6725 


0.71 


pA-7000 


0.68 
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.., , M(1 S) 0.80 3.60 (£.5) 

pA . 7 126 0.66 2.40 (3.6 

pA . 7 201 0.26 2.06 8.0 fl 

* a - 7205 oil Sis 33 °- 33 x - 55 (4 - s) 

pA . 728 3 0.24 0.80 (3.3) q ^ 

PA-7325 1-00 1.00 (1.0) 0.78 (1.1) 

pA -7441 1-13 0.80 0./ Q 93 

£"95 o:°6 i:S 8:8 °- si ^ 

0.46 0.38 (0.8) 0.43 0.41 (0.9) 



pS-6376 



DNA - e i, tfaS h d :"!r^ f^cytaf determined by liquid scintillation 
line. The absolute CAT «civxcy chromatogoranhy place. The 

gi-veti. The results s experiment was 

done on the sane sec or cells on the same V senc ^ le „ els oC 

repeated at lease wo ^^.^ Although the absolute 

? AT r^rcl/lc^tt/variea S "2 fold from experiment to experiment. 
iTrelativf deferences in CAT^ctivity directed by the plasmids varied 
no more than 20% from experiment to experiment. 

b- The plasmids indicated were co- transfected with 3 m of plasmid 

date r£2r«-=ri=:arss-<5S5r" l " 

activity obtained in the presence of art 



r 

Figure S shows the effect of the art gene ^duct »™ f ^^nc r ted by the hybrid Htf/CAT 
constructs. Jurkat-tat™ cells tf«nrf»c^^h3|wrt each hy ^ P ^ ^ linear as 
absence (-) of plasmid pH3-art. The amount of DNA used e f tr * ormed fort ^. eignt nours post-transfectton 
determined from a DNA dose response of CAT assays obtained from time po.nts 

as described in experimental P™ ed ™ es ^»™*™*^™ bosen are the same for each pair of assays, 
within the linear range of a time Sui plasmids pU3R-IH (lane 1); pDI (lane 2); 

Figure 4A shows CAT ^says of Jurkat-tat 0 , ceHs ^nsfected w. P transfected with pasmids, 

plHAAR (lane 3); pOIAR (lane 4). Figure 4B shows CAT assays o ex ^ ments sho wn in Figure 4B. cells 
PU3R-I (lane 1); pi (lane 2); plAAR (U. , n * 3) -* n l^^ 

were simultaneously transfected with 3 ug ofa P""^£££5 a p0 |yaden y laticn signal as no detectable 
Expression of the CAT gene was dependent upc J ™ PJ""^ ° J "J, ^ ontai ^ the HIV-I LTR and CAT gene 
enzymatic activity was observed in c* ^^^ by co-transfection with the pH3-art 
only. The level of CAT activity expressed by these >P™^£n*d plllAR in which the 3' portion of the HIV-I 
plasmid. The level of CAT enzyme activity !*P/^^^^^ 

provirus is located 3' to the coding sequence ofthe CAT ^ne was m * co . t ransfection of plllAR wrth 
detected upon transfection of the same cells ?£f*£*^ of CAT gene expression substantially (26 to 
plasmid pH3-art that expresses the art protein mcreased the evel or uai g ^ approximately equal to 
wS£. in the^resence of art, the level of CAT e " z ^. e tat ™ ™ d CH ° ^ m 

that obtained with plasmid pU3R-lll in HeLateta cells but' was som ^ a ^° negatiV ely reflate CAT gene 
celis. This indicates that the 3' half of Ttl» art gene. These results also 

=e^ 



sequences or for art gene function. 
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[Selden et al., Mol. Cell Biol 6'3173-3179 (1986^ Thl S£2 encode s the human growth hormone (hQH) 
between the HWTCT^IcTan^^ 

Table 2 



Expression of hybrid HIV/human growth hormone gene constructs in the 
presence and absence of the art protein. 



SllSS 6826 6423 (0.9) 13289 13567 (1.0)" 

PIIIGH 523 310 (0.6) 163 227 (1 4) 



15 



20 



S5 



Secreted hCH (cpm) a 
Cell Line 
HeLa-tac-III CH0-£ac-III 
Plasmid pH3-art b . + ( )« . + ( >c „ 



35 



»r.« /T* C " nsfecCad wlth 2pg of the plasmid DMAs shown in the 

presence (+) or absence (-) of plasmid pH3-art. At forty-e^ht hours 
after transaction, 100 „1 of medium wal rej^ed and assayed for hGH 

^ COUntS Per minU " (CPK) of ^belled anti-hGH 

anybody bound to a solid support were corrected by taking the total a* 

45 

corrected CPM obtained in the presence ,f m . 3=2 " y Che so 



the T HUattaa?d H CHO C tlt d ^fr*^ Pll ' GHAR at>SenCe 0f the 2* P"*uct was very low in both 
ncreTse ^^^1 to %Z^T?°T? °1 P " ,GHAR ™'^rnid pH3-art resui.ed in a marked « 

themselves. provirus sequences mimics the regulation of the £ag and env genes 60 
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Th C Role ot the 5 1 TR in Art R eg ula on. LTR of the human T ^P h °*°P' c 

Plasmids were constructed .n wh.ch lie 5 ^ I ^ p was driven by ^ HTLV-1 LTR 

virus type I (HTLV-I) (Figure 3A). For all ex P enm ^ n * s W „ ^ 9 t h at expresses the trans-activator protein ,af 
ce™ were simultaneously transfected ^**™ m £»^ hat containTthe 9 half of the HUM 
HTLV-I. The level of CAT enzyme activ.ty directed by plasmio ^P than ^ of p| d 

genome located 3' to the CAT 9«f ""^ ~n C t of SvXated ™ to the CAT gene (Rgure 5 andTab le IV 

exerted by the 3' portion of the HIV-1 provirus. 

po i^n Mappin g of The C RS and CAR / ^.„ f _ f) for a majority of the envelope gene sequences 

Derivative ot the plAAR and plIIAAR - plasmas "™^£%£Zm* in the presence or absence of 
(pl.lAAR and plAAR; Figure 3B) were eo ^^^J^^r«ull-d in an increased level of CAT gene 
he art gene product. Deletion of the ma orityof * h %^ tive contro | plasmids pi AR and plllAR 

activity directed by both of these plasmjds re^rve m» th ^ r ^P e « on c ^ transfectlon wit h plasmid P H3-^ 
(Figure 5 and Table 1). No increase « •^f^^StoottdSsSBS » 8561 relieves the inhibitory regulatory 
thus deletion of HIV-I sequences present betwee " ™=^ 0 ™ , convey ed by the HIV-I sequences. 
Sec s and eliminates the art responsrvc , ant,-,nh.b WgggW^, x in the pHIAR plasrmd 

A series of smaller deletions « e ^ al ^' nt : o .^ R "% g ure 6). The level of CAT activity Erected by these 
and are represented by the plasmids pAR-1 to pAH 7 eigu j sence 0 r absence of plasm.d pH3-art 
plasmids was measured in HeLa-tat»'««f ^d J urkat-t|», ce » m n p y ^ ^ 1 De|et|0n of 

The effect of these deletions on the level; °'^T e n ^me actrn^ s sn 8^ rf ^ ^ ge 

S5 the 5' sequences of the provirus segment, a reg or that includes ^ ^ 

£ T ;sr^^- «^ uding ,he sp " e donor site ' are n ess 

tne response of the H.V-. sequences to the £ product C0 _ transfecteQ with 1ug of the indicated 

Figure 7 shows the results of these experiments. ^ supra ) or3 ug of pH3-art. ( + >. CAT 

plasmid DNA3ug of a non-specific competitor £ 0 lj^ e r e obtained from the linear 
assays were preformed 48 hours P° st - trans, e^ n a 

porton of a time course assay R oA S ° 3 tan e ExpeS 2. HeU-tat„, transfected with plasmid 

(laneb) pAR-l (lane c) ; pAR-6 (lane d) , and pAR 3 (lane «j- »J d pA . 712 6 (lane e . Expenment3. 

pU3R lii (lane a ; p.HAR (lane b) ; P"^„^SK W : and P B-6376 (lane c). Experiment 
HeLa-tatm cells transfected with plasmids, pU3P l-HI (lane a l • P'"» <• b) . and pA R-1SVR lane c). 

"^ifXcells transfected with ola^ 

In the"absence of art, the level of CAT activity ° b ^ e °^ , ° lasrnid AU tnre e of these plasmids d.rect sim lar 
was sUnilar to the activity obtained with the parental plHAR P' 3 ^^ activm , on co -transfection 

^el o CAT activity and show substantial ^^^^^^iM increases in the Jurkat-tat, 
with plasmid pH3-art (16 to 24 fold ^splice acceptor site for the env gene intron as 

cell line) The deletion present on plasmid pAR-6 removes ™ h reg ions affects neither the CRS 

well a? he 3' coding exons for both the tat and S^^" S acceptor nor splice donor sites 
noY tne CAR sequences. The experiments responsive anti-inhibitory effects^ 

that lie within the env gene are required for the inhibitory r m gulatony or v transfe cted with 

th Comparison of th^ level of CAT en^ 

plasmids pAR-3 and pAR-7 to that observed upon ^n s fe 0 flonw P |w- of CAT actlvlty can be 

activity is increased by about 10 fold by both of thesedete Sons^ ^ ^ jn ^ HeLa-t^iu ceHs 

increased further by ^-^TZ^TJ EvfdeBly sequences that negatively regulate CAT gene 

and about 5 to 9 fold In the Jurkat-^,, cells Ev.den tly seq ^ ^ ^ eliminate the 

expression are removed from these P lasm, ^.JiXyn^ P ' 
response to the art gene product. These wcpermrA^nd ^ ,ha » n P heterologous gene expression 
pillAR contain atTeast two distinct se que that can re^ ^uce We ^ in the central 

nAR-6 Dlasmid. 
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resu t snows uiai ^n^o h^—" — . ^ rT>i _ i 

the larger deletions present in the pAR-6 plasmid. 
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Role of the 3 f LTR Sequences for the Art Response 

A set of plasmids were constructed in which the 3' HIV-I LTR sequences were replaced with the 
polyadenylation signals of SV40 virus as discussed above (Figure 6B). These plasmids also contain additional 
deletions of the proviral eny gene sequences. In the absence of the art gene product, the level of CAT enzyme 
activity directed by plasmids pAR-1SV or pAR-2SV was similar to that directed by the parental plllAR plasmid 
in all recipient ceil lines (Table 1). The level of CAT enzyme activity directed by these plasmids was increased 
20 to 40 fold m cells simultaneously transfected with plasmid pH3-art. In the absence of art, the CAT activity 
obtained in cells transfected with piasmid pA-3SV T which an additional region of the proWus was removed 
was greater than that observed with either plasmids plllAR, pAR-1SV or pAR-2SV. Nonetheless the level of 
CAT activity directed by this plasmid was increased about 7 fold in the presence of art These results 
demonstrate that the 3' LTR is not required for art regulation and that the sequences remaining in the pAR-3SV 
plasmid retain a CAR element. The art-responsive CAR element in pAR-3SV appears to be located in 
sequences present between nucleotides 6583 and 7163 as plasmid P AR-4 that contains the same 3' proviral 
sequences from nucleotide 7683 to nucleotide 8561 is not art responsive. 

Precise Mapping of a CAR Sequence 

A set of nested deletions were made starting with plasmid pA-6376 that contains nucleotides 6376 to 7760 
(Figure 8), a region of the provirus that includes both the CRS and CAR sequences (Table 1) An SV40 
polyadenylation sequence is located 3' to the proviral sequences in this plasmid. The level of CAT enzyme 
a A*n'!L? r ! Cted by P ' aSmid pA " 6376 in the absence of the art gene was similar to that observed for the 
pAR-SVI plasmid that contains an extensive deletion of the 5' and 3' proviral sequences (Table 1 } The level of 
CAT enzyme activity directed by plasmids pAR-SV1 and pA-6376 was increased substantially upon 
co-transfection with the PH3-art plasmid. 

Deletion of about 350 additional nucleotides from the 5' end of the proviral sequences of plasmid pA-6376 to 
yield Plasmid pA-6725 (Figure 8) resulted in an increase of about 10 to 20 fold in the level of CAT activity relative 
to pA-6376 in the absence of the art product (Table 1). The level of CAT gene expression was further 
increased 5 to 6 fold in the presence of art. Deletion of a similar region of proviral sequences from a different 
plasmid (compare plllAR to pAR-3SV, Table 1) also led to an increased level of CAT enzyme activity relative to 
the activity of plasmid plllAR (Table 1) also led to an increased level of CAT enzyme activity relative of the 
activity of piasmid plllAR (Table 1). These observations point to the existence of a CRS located between 
nucleotides 6583 and 6725, sequences that lie entirely within the coding region of the env gene 

Sequential deletion of additional nucleotides to yield plasmids pA-7000 to pA-7283 (Figure 8) did not 
significantly alter the level of CAT enzyme activity observed in cells transfected in the absence of art as 
compared to the enzyme activity directed by the pA-6725 plasmid (Table 1). The level of gene expreliion 
observed in cells transfected with these plasmids was substantially increased by co-transfection with plasmid 
pH3-art. The art response is retained even though one of the regions that contain a CAR element, nucleotides 
6583 and 7163 in plasmid pAR-3SV, is entirely deleted in plasmids pA-7201 and pA-7283 

Deletion of an additionai 42 nucleotides from pA-7283 to yield pA-7325 results in a plasmid that does not 
show an increased level of gene expression in the presence of art. The level of CAT enzyme activity directed by 
plasmids pA-7325 was slightly higher than that directed by plasmids pA-6725 to pA-7283 in the absence of art 
Plasmids that contain even larger deletions, pA-7441, pA-7510 and pA-7545 demonstrated levels of activit^ 
similar to that of plasmid pA-7325. Moreover, no increase in CAT enzyme activity directed by these plasmids 
was detected upon co-transfection with plasmid pH3-art. In these experiments, the minimum segment that 
contains CAR sequences responsive to the art gene is a 400 nucleotide proviral fragment located between 
nucleotides 7283 and 7760. 4 

An additional plasmid pB-6376, that contains proviral sequences extending from nucleotides 6376 and 6970 
followed by the SV40 polyadenylation signal was constructed. The data of Table 1 and Figure 7 show that the 
level of CAT enzyme activity directed by this plasmid in HeLa-tatm and CHO-tat„, was unaffected by 
co-transfection with plasmid pH3-art. The low basal activity to pU3R-lll suggests the e~xTstence of a CRS within 
the region 6376 to 6970. The lack of art-responsiveness suggests that the art-responsive CAR element located 5 
within nucleotides 6583 to 7163 is disrupted in plasmid pB-6376. ~~ 

The sequences necessary for CAR 2 function mapped in plasmid HXBc2 (Strain 3B) is shown in Figure 2B 
I?t977 r o?; r MoflS? tCh is ( . ove : lined - The CAR 2 sequence identified in Strain 3B [Ratner et al f Nature 
ZrTq 17 wioU kII^Z t0 thS res P ective re 9 ion present in strains, BRU [Wain-Hobson et iTCel 

SJ" 7 ' 19851 ' *? AL (M - AI,zon - Personal communication), ELI (M. Alizon, personal communication), ind 55 
ARV-2 [Sanchez-Pescador et al., Science 277 :484-492 (1985)]. 

Orientation Dependence of the Art Response 

Xn^^T^J^J^ T' ° f CAT en f y r e aCtiVity dir6Cted by Plasmid pAFMSV was significantly 
Lpnn^oJ 1 } 10 the presence of the art gene product. The effect of orientation of the CAR 60 

* ^ I promoter and polyadenylation sequences was shown using a plasmid 
(pAR-ISVR) that contains the proviral sequences identical to those present in the pAR-1SV plasmid but in an 

Z?^^ ! ,6Vel ° f CAT 6n2yme aCtivity dire " ted b * P ,asmi < PAR-1SV R r a s similar to 

that directed by plasmid pAR-1SV .n the absence of art. No increase in the level of CAT enzyme activity was 
observed upon co-transfect.on of plasmid pAR-1SVR with pH3-art The reduced level of activity relative to 65 
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p.as mi dpU3W.I indicates that the function of the CRSwithin this construct is orientation independent 

Ahsence of Enhancer Activity "^^^ CAR sequences within the coding region 
With the exception of ennancer elements, the ' 0C 5 TOn °"„ nl TV _. ~ auences T o determine whether 
distinguish this eiement from to the site of 

sequences within the env gene could regulate CAT gene to a 

transcriptiona. initiation, plasmids '^•|^^ ,n T JJSK^1^t^^ln- n S was derfced 
promoter that lacks an enhancer sequence (Figure 9h The P™""™ £ previously to be responsive 

from the HTLV-I LTR and contains sequences -K it 1+™^^™^ & the plasmids that contain 
to heterologous enhancer sequences. The '*^^]'^ n ^J^ pMB ^ 2479) was similar to the 

Table 3 
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Activity of HIV env gene sequences in an enhancer assay. 
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35 



Polarise CA T Accivitv*- 

Cell Line 
HeLa-tat-III CK0- tat-IH 



Experiment Plasmid pH3 - art 



( ) C 



pC-55 

pC-55/III2479 
pC-55/III1470 



1.00 0.82 
1.00 0.88 
0.71 0.79 



(0.8) 
(0.9) 
(1-6) 



( ) C 



40 



45 



50 



pU3R-III 

pAR-lSV 

pAR-lSVR 



1.00 1.30 
0.02 0.62 
0.05 0.05 



(1-3) 

(3D 

(1.0) 



1.00 1.40 (1.4) 
0.06 0.82 (14) 
0.12 0.10 (0.8) 



S art^CAT ^^STpSSSTm hours after transaction. The 

pH3-art. CAT assays w ei * „ T1 „ d to t ha value obtained following 

SaSect^n riSSTp^ or p^-III O^peri^t 2, in 

the absence of art. 
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activity obtained in the presence of a££. 



CAR Sequences in the Gaq and Env Leader _ Sequences en H|V _, 

p[env-^0 as wefas Smids pLgag-321 resulted in high levels of CAT enzyme act,v,ty. 
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Schematic representation and activity of hybrid plasmids that contain the gag and env gene leader region 
sequences are shown in Figure 10. The indicated portion of either env gene (A) or gag gene (B) leader 
sequence was cloned 3' to HIV-I sequences (nucleotide -167 to +80) and 5' to the CATgene. The number 
used in the name of each pfasmid is indicative of the number of HIV-I base pairs present in each hybrid 
construct. CAT activity of each plasmid was normalized to that obtained with plasmid pU3R-lll (+ + +). The 
frame signifies whether the HIV-i sequences are in the same (IN) or different (OUT) translation reading frame of 
the CAT gene, intitation codon (o) and stop codon (□) are shown. 

The level of CAT enzyme activity was not increased upon co-transfection of these plasmids with plasmid 
pH3-art. No CAT activity was detected in cells transfected with plasmids pLenv-317 or pLgag-404 The reading 
frame of the gag and env gene of these two plasmids is the same as that for the CAT gene. The reading frame 
of the env gene AUG in plasmids pLenv-314 and pLenv-100 and that of the gag gene AUG in plasmid 
pLgag-321 is different from that of the CAT gene. Thus, it is likely that the inability of the pLenv-317 and 
pLgag-404 plasmids to direct CAT gene expression is due to interference with the initiation of protein 
synthesis of the CAT gene by the inframe initiation codon located 5'. These results are consistent with other 
reports which indicate that an upstream AUG codon will interfere with downstream initiation most effectively 
when the translation reading frame is identical to that of the downstream gene. 



Claims 



1. A cis-acting regulatory sequence comprising a sufficient number of nucleotides corresponding to 
nucleotides in the 3'portion of the genome of the group consisting of HIV-I, HIV-2, HTLV-IV and STLV-3 to 
provide a cis-acting repression effect on a gene when inserted downstream of the gene in the gene's 
untranslated message. 

2. The cis-acting regulatory sequence of claim 1, wherein it corresponds to a sufficient number of 
nucleotides from region 6376-6725 of the HIV-I genome. 

3. The cis-acting regulatory sequence of claim 1, wherein it corresponds to a sufficient number of 
nucleotides from region 7283-7325 of the HIV-I genome. 

4. The cis-acting regulatory sequence of claim 1, wherein it corresponds to a sufficient number of 
nucleotides from region 5893-6538 of the HIV-I genome. 

5. The cis-acting regulatory sequence of claim 1 , wherein it corresponds to a sufficient number of 
nucleotides from region 8204-8497 of the HIV-I genome. 

6. A cis-acting anti-repression sequence which comprises a sufficient number of nucleotides of the 
genome of the group consisting of HIV-I, HIV-2, HTLV-IV and STLV-3 to counteract a cis-acting repression 
effect on a gene in the presence of an effective amount of art gene product 

7. The cis-acting anti-repression sequence of claim 6, wherein it corresponds to a sufficient number of 
nucleotides from region 6969-7163 of the HIV-I genome. 

8. The cis-acting anti-repression sequence of claim 6, wherein it corresponds to a sufficient number of 
nucleotides from region 7283-7325 of the HIV-I genome. 

9. A vector containing 

(a) a desired gene and downstream in its untranslated message: 

(b) a cis-acting repression sequence (CRS), where the CRS contains a sufficient number of 
nucleotides corresponding to the 3' portion of a genome of the group consisting of HIV-I, HIV-2, 
HTLV-IV and STLV-3 to provide a cis-acting repression effect on the desired gene, and 

(c) a cis-acting anti-repression (CAR) sequence containing a sufficient number of nucleotides 
corresponding to the 3'-region of the genome of the group consisting of HIV-I, HIV-2, HTLV-IV and 
STLV-3 to counteract the cis-acting repression effect of the CRS in the presence of a sufficient 
amount of art gene product. 

10. The vector of claim 9, wherein the CRS and CAR sequence corresponds to the HIV-I genome 

11 . The vector of claim 9, wherein the CRS and the CAR sequence corresponds to the HIV-2 genome 

12. The vector of claim 9, wherein the CRS and the CAR sequence corresponds to the HTLV-IV genome 

13. The vector of claim 9, wherein the CRS and the CAR sequence corresponds to the STLV-3 genome. 

14. The vector of claim 10, which also contains an HIV-I LTR 3' to the desired gene and an HIV-I LTR 5'to 
the CRS and CAR sequence. 

15. The vector of claim 1 1 , which also contains an HIV-2 LTR 3' to the desired gene and an HIV-2 LTR 5' to 
the CRS and CAR sequence. 

16. The vector of claim 11, which also contains an HTLV-iV LTR 3' to the desired gene and an HTLV-IV 
LTR 5' to the CRS and CAR sequence. 

1 7. The vector of claim 1 1 , which also contains an STLV-3 LTR 3' to the desired gene and an STLV-3 LTR 
5' to the CRS and CAR sequence. 

1 8. The vector of claim 9, wherein the desired gene is a heterologous gene. 

1 9. A method for controlling the production of a desired gene product which comprises : 

(a) transfecting a preselected cell line with the vector of claim 9; and 
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a vector containing an operable art gene. control of a secondary factor 

£ZS ac^d^f SSSM t ^r S ^ e l^ - art gene product to 

iHtc^ont^ a desired gene J^^^^SS I gSS ^ 
SS^-STSS^™ SST 0 -^ Sn- P-duct wherein this cis-acting e«ec, ,s 

(a) transfectingapreseiected cell ^^^^^^^ amount of art gene 
p^aS^^ 
25 ^method of claim 24 wherein the v^rco^.»H ! V^yto».d«lr.d B en B . 
Hi The method of claim 25 wherein the preselected cell l.ne is a tat„, cell line. 
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